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Conversion  Factors.  Non-SI  to  SI  (Metric) 
Units  of  Measurement 


Non-SI  units  of  measurement  used  In  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


Multiply 

By  _ 

To  Obtain 

cubic  feet 

0.02831685 

cubic  metres 

cubic  yards 

0.7645549 

cubic  metres 

degrees  (angle) 

0.01745329 

radians 

feet 

0.3048 

metres 

Inches 

2,54 

centimetres 

pounds  (force)  per 
square  Inch 

6.894757 

kllopascals 

pounds  (mass) 

0.4535924 

kilograms 

PHYSICAL  EFFECTS  OF  BEACH  NOURISHMENT  ON  SEA 


TURTLE  NESTING,  DELRAY  BEACH,  FLORIDA 


Background 

1.  A  large  percentage  of  all  sea  turtle  nests  in  the  United  States  are 
located  in  beaches  that  have  been  nourished  or  renourished.  Questions  have 
been  raised  about  how  physical  changes  in  beaches  will  affect  the  nesting 
activities  of  these  sea  turtles  (Ebrhart  and  Raymond  1983).  This  study  was 
conducted  to  examine  the  physical  changes  in  a  renourlshed  beach  at  Delray 
Beach,  Florida,  and  the  response  of  nesting  sea  turtles  to  those  changes. 
Nesting  loggerhead  turtles 

2.  On  Hutchinson  Island,  Florida,  loggerhead  turtles  begin  nesting  in 
the  spring  when  local  water  temperatures  begin  to  reach  23°  to  24°  C 
(Wllliams-Walls  et  al.  1983).  Nesting  Increases  with  rising  temperatures  and 
photoperiod  to  peak  in  June  and  July;  then  nesting  activity  declines  until 
completion  of  the  nesting  season  in  late  summer  (August-September)  (Fletemeyer 
1981,  1982,  1983a,  1983b:  Stoneburner  1981;  Richardson  and  Richardson  1982). 

3.  Loggerhead  females  generally  nest  every  other  year  or  every  third 
year,  although  a  small  percentage  nest  at  intervals  less  than  2  or  more  than  3 
years  (Richardson  and  Richardson  1982;  BJorndal,  Meylan,  and  Turner  1983; 
Ehrhart  and  Raymond  1983;  Fletemeyer  1983a).  When  a  loggerhead  nests,  it  will 
usually  lay  two  to  three  clutches  (range,  one  to  five)  of  eggs  per  season 
(Ehrhart  1979;  Talbert  et  al.  1980;  Fletemeyer  1981;  Richardson  and  Richardson 
1982).  These  Interseasonal  nestings  are  generally  12  to  14  days  apart  (range, 
11  to  20  days)  (Fletemeyer  1983a;  Willlams-Walls  et  al.  1983).  The  distance 
between  nest  sites  (renesting  distance)  of  a  particular  turtle  during  a  season 
is  generally  less  than  5  km  (Hughes  1974;  LeBuff  1974;  Ehrhart  1979;  Talbert 
et  al.  1980;  Fletemeyer  1983a;  Williams-Walls  et  al.  1983).  Loggerheads  are 
considered  to  be  less  site  specific  when  returning  to  their  nests  both  between 
and  within  seasons  than  green  turtles  (Caldwell,  Carr,  and  Ogren  1959;  Tal¬ 
bert  et  al.  1980;  BJorndal,  Meylan,  and  Turner  1983). 

4.  The  selection  of  a  beach  for  nesting  may  be  based  on  nest  site  fix¬ 
ity  (Carr  1967,  Richardson  and  Richardson  1982,  Fletemeyer  1983a,  Hopkins  and 
Richardson  1984),  learned  behavior  (Hendrickson  1958),  position  of  beach  rocks 
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(Hughes  1974,  Mann  1978),  and  proximity  of  offshore  reefs  (Stoneburner  1982). 
Loggerheads  may  return  to  a  beach  to  nest  because  of  Imprinting  to  that  par¬ 
ticular  beach  (nest  site  fixity)  (Carr  1967)  or  through  social  facilitation  by 
following  other  nesting  females  to  the  nesting  beach  (Hendrickson  1958) .  Rock 
outcrops  on  the  shoreline  may  serve  to  guide  turtles  to  a  certain  beach 
(Hughes  1974),  or  when  the  rocks  are  narrowly  spaced,  they  may  reduce  the  use 
of  a  beach  for  nesting  (Mann  1978).  Beaches  in  close  proximity  to  offshore 
reefs  are  used  more  frequently  for  nesting.  These  reefs  are  used  by  the  tur¬ 
tles  for  resting  and  feeding  areas  between  egg-laying  sessions  (Stoneburner 
1982,  Wllliams-Walls  et  al.  1983). 

5.  Loggerheads  emerge  from  the  surf  at  night  and  crawl  ashore.  Approx¬ 
imately  30  to  40  percent  of  the  time  when  loggerheads  crawl  onto  the  beach, 
they  return  to  the  water  without  depositing  eggs  (false  crawls)  (Stoneburner 
1981,  Ehrhart  and  Raymond  1983,  Williams-Walls  et  al.  1983).  The  process  of  a 
turtle's  excavating  a  cavity  without  laying  eggs  is  referred  to  as  a  false 
dig.  The  reason  for  these  false  crawls  and  false  digs  is  not  well  understood, 
but  they  probably  are  influenced  by  a  turtle's  "readiness"  to  lay,  physical 
properties  of  the  beach,  temperature  of  the  beach  sand,  and  disturbance  of  the 
emerging  turtles  (Mann  1978,  Fletemeyer  1981,  Stoneburner  and  Richardson  1981, 
Ehrhart  and  Raymond  1983).  Sand  with  too  firm  a  consistency  may  inhibit  or 
prevent  turtles  from  digging  nests  (Fletemeyer  1981,  Ehrhart  and  Raymond  1983, 
Williams-Walls  et  al.  1983).  Emerging  turtles  that  encounter  human  or  animal 
activity  or  lights  shining  directly  onto  the  beach  may  return  to  the  water 
without  nesting  (Mann  1978,  Fletemeyer  1979,  Ehrhart  and  Raymond  1983).  Mov¬ 
ing  lights  such  as  from  automobiles  may  also  deter  nesting  in  some  locations 
(Mann  1978) . 

6.  Loggerheads  usually  locate  their  nests  between  mean  high  tide  and 
the  top  of  the  primary  dune.  Each  female  turtle  may  make  one  to  four  false 
digs  before  finally  laying  eggs  in  one  cavity  (Ehrhart  and  Raymond  1983).  The 
digging  of  a  nest  and  egg-laying  usually  take  about  1  hr.  Between  35  and  180 
eggs  (mean,  120  eggs)  are  deposited  into  the  nest  hole  (Fletemeyer  1983a,  Hop¬ 
kins  and  Richardson  1984).  The  nest  site  has  a  very  shallow  depression  (body 
pit) .  The  depth  of  the  flask-shaped  nest  from  the  beach  surface  to  the  bottom 
of  the  eggs  ranges  from  43  to  86  cm  (mean,  58.7  cm).  The  vertical  thickness 
of  the  egg  mass  ranges  from  10  to  40  cm  (mean,  23  cm)  (Llmpus,  Baker,  and 
Miller  1979).  The  nest  cavity  is  20.3  to  25.4  cm  wide  (Caldwell  1959).  The 
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depth  from  the  beach  surface  to  the  top  of  the  eggs  ranges  from  12.7  to  55.9 
cm,  but  most  often  this  depth  Is  27.9  to  40.6  cm. 

Nesting  turtle  response 
to  change  In  sand  consistency 

7.  The  response  of  a  turtle  to  a  change  In  sand  consistency  can  be 
measured  directly  by  observation  of  the  turtle's  digging  activity  or  Indi¬ 
rectly  by  measuring  the  consistency  of  the  sand  at  sites  where  turtles  have 
successfully  (a  nest)  or  unsuccessfully  (a  false  dig)  dug  nest  cavities. 

Direct  observation  of  the  effects  of  sand  consistency  on  digging  turtles  can 
be  difficult  and  time  consuming  because  turtles  nest  at  night,  readily  abandon 
a  nest  site  when  disturbed,  and  nest  at  varying  times  and  locations  along  a 
beach.  Thus,  turtle  response  to  a  change  In  sand  consistency  was  determined 
Indirectly  by  measuring  shearing  resistance  at  a  digging  site.  Shearing 
resistance,  a  measure  of  the  ability  to  penetrate  the  sand.  Is  an  Indication 
of  the  resistance  a  turtle  encounters  when  digging  a  nest  cavity.  Measure¬ 
ments  of  shearing  resistance  must  be  made  adjacent  to  a  nest  cavity  because  a 
digging  turtle  disturbs  the  sand  within  the  vicinity  of  the  cavity. 

8.  While  shearing  resistance  (consistency)  Is  a  measure  of  the  ability 
to  penetrate  the  sand,  compaction  Is  the  reduction  In  the  volume  of  the  sand 
to  a  greater  density.  Shearing  resistance  Is  generally  higher  In  more  compact 
or  denser  sand;  however,  sands  with  the  same  density  may  have  different  shear¬ 
ing  resistances.  Shearing  resistance  Is  a  result  of  the  pressure  between  sand 
grains  that  Is  affected  by  grain  size  distribution,  grain  shape  and  orienta¬ 
tion,  and  weight  of  overburden  (Means  and  Parcher  1963,  Griffiths  1967).  Sand 
grains  of  more  uniform  size  (poorly  graded)  tend  to  be  less  dense  and  thus 
less  resistant  to  shearing  (penetration)  than  well-graded  (different-size) 
sand  grains.  Sand  grains  with  an  angular  shape  resist  penetration  (higher 
shear  resistance)  more  than  smooth-edged  grains  do.  Flat-shaped  (nonspherl- 
cal)  sand  grains  will  resist  penetration  more  when  oriented  parallel  to  the 
beach  surface  than  when  oriented  at  angles  to  the  beach  surface.  Shear  resis¬ 
tance  Is  Increased  by  the  pressure  of  overburden  material  (amount/weight); 
thus,  shearing  resistance  will  Increase  with  depth  In  the  sand.  Grain  size 
gradation,  grain  shape,  and  grain  orientation  Interact  with  each  other  to 
affect  the  density  and  thus  the  weight  of  the  overburden. 

9.  Another  method  for  examining  the  effects  of  a  change  In  sand  con¬ 
sistency  on  nesting  turtles  Is  to  compare  the  number  of  nests  and  false  digs 


7 


In  the  nourishment  area  with  those  in  a  reference  area  before  and  after  the 
sand  Is  deposited  on  the  beach.  An  increase  In  the  number  of  false  digs  In 
the  nourishment  area  and  not  In  the  reference  area  Indicates  that  the  Increase 
Is  a  result  of  the  disposal.  However,  the  number  of  nests  and  false  digs  Is 
relative  to  the  number  of  times  a  turtle  emerges  from  the  water  onto  the  beach 
(emergences) .  These  emergences  can  be  Influenced  by  a  number  of  physical  and 
biological  factors  other  than  sand  consistency  (see  nesting  discussion) . 

Description  of  Delray  Beach  Renourishment  Proiect 

10.  About  14,000  ft*  of  Delray  Beach  was  renoutished  during  September 
and  October  1984  (Figure  1).  The  total  volume  of  fill  that  was  hydraulically 
pumped  onto  the  beach  was  approximately  823,000  cu  yd.  The  constructed  width 
of  the  beach  berm  was  approximately  84  ft*  seaward  of  the  erosion  control 
line.  The  borrow  area,  approximately  2,700  ft  seaward  of  the  shoreline,  was 
800  ft  wide  by  200  ft  long  In  water  depths  of  55  to  60  ft  (Figure  2).  The 
average  mean  grain  size  of  the  fill  material  was  0.22  mm  (2,21  phi)  (Fig¬ 
ure  3).  The  beach  was  initially  filled  in  1973  and  renourlshed  in  1978. 
Project  Information  Is  summarized  In  Table  1  (Strock  and  Associates,  Inc. 
1984).  The  north  and  south  reference  areas  were  8,500  ft  long  and  adjacent  to 
each  end  of  the  renourlshed  beach. 


Methods 


Shearing  resistance 

11.  A  cone  penetrometer  was  used  to  measure  the  shearing  resistance 
(penetration)  of  the  sand  (penetrability).  The  penetrometer  had  a  1.25-sq  cm, 
30-deg,  circular  cone  on  one  end  of  a  45.6-cm  shaft.  When  the  cone  was  pushed 
Into  the  sand,  the  proving  ring  was  deflected  in  proportion  to  the  force 
applied.  The  amount  of  force  applied  was  read  as  a  cone  index  value  on  a  0  to 
750  dial. 

12.  The  penetrometer  tip  was  pushed  Into  the  sand  with  a  steady,  slow 
force  until  the  sand  surface  reached  the  6  In.  (15.2  cm)  mark  on  the 


*  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI 
(metric)  units  Is  presented  on  page  4). 
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Figure  1.  Location  map,  Delray  Beach,  Florida  (from  Strock 
and  Associates,  Inc.  1984) 


Figure  3.  Delray  Beach  composite  grain  size  comparison  (from 
Strock  and  Associates,  Inc.  1984) 


I - - 
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Table  1 


Project 

Comparisons* 

Authorized 

1973 

Initial  Fill 

1978 

Periodic 

Hourlshment 

1984 

Periodic 

Nourishment 

Length  of  fill,  miles 

3.0 

2.6 

1.7 

1.7 

Volume  of  fill 

1,158,000 

1,634,513 

700,000 

823,000 

Berm  elevation 

+10*  MLW 

+9'  NCVD 

+9'  NGVD 

+9'  NGVD 

Design  slopes 

1:20/1:30 

1:20/1:30 

1:20/1:30 

1:15/1:30 

(beach/nearshore) 

Design  width 

100 

100 

100 

100 

at  MHW,  ft 

Cost 

$1,231,000 

$2,115,164 

$1,600,000 

$4,230,000 

Benefit/coat  ratio 

1,5 

1.8 

1.5 

3.3 

Federal  participation. 

3.4 

44.2 

44.2 

43.8 

percent 


*  (from  Strock  and  Associates,  Inc.  1984). 

penetrometer  rod;  then  a  reading  was  taken  (Figure  4).  After  three  readings, 

6  In.  (15.2  cm)  of  sand  was  removed,  and  three  more  measurements  were  taken  at 
each  6-ln.  (15.2-cm)  depth  Increment.  The  measurements  were  taken  at  depths 
of  6,  12,  18,  24,  and  36  In.  (15.2,  30.4,  45.6,  60.8,  and  76.0  cm).  Penetra¬ 
tion  measurements  were  taken  for  the  beach  at  the  six  depths  on  eight  tran¬ 
sects,  four  within  the  project  area  and  two  In  each  of  the  reference 
transects.  Each  of  the  four  transects  had  three  stations,  one  at  the  base  of 
the  beach  vegetation,  one  at  the  mean  high  tide,  and  one  equidistant  between 
the  base  of  the  vegetation  and  mean  high  tide. 

13.  Three  measurements  were  taken  adjacent  to  the  turtle  nests  at  the 
first  three  penetrometer  measurement  depths  In  the  nourishment  and  reference 
areas  to  determine  differences  In  shear  resistances  for  nests  In  the  three 
locations.  Three  measurements  were  taken  In  the  bottom  of  each  false  dig. 

14.  Sand  penetration  measurements  and  samples' were  taken  prior  to  nour¬ 
ishment  In  June  1984  and  again  following  nourishment  In  October  1984. 
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Figure  4.  An  example  of  measuring  shear  resistance 
(sand  consistency)  with  a  cone  penetrometer 


Penetration  measurements  adjacent  to  Che  turtle  nests  were  taken  from  May  to 
September  In  1984  and  1985. 

Crain  size 

15.  A  corer  with  a  5.1-cm  outside  diameter  was  used  to  take  a  15.2-cm- 
deep  sand  sample  at  each  station  at  the  following  depths:  0.0,  22.9,  53.3,  and 
83.8  cm. 

16.  Sand  samples  were  tested  according  to  standards  established  by  US 
Army  Engineer  Manual  1110-2-1906  for  soil  testing  (US  Army  Corps  of  Engineers 
1970).  Sieve  sizes,  particle  diameters,  and  phi  values  are  given  In  Figure  5. 
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Sand  shape 

17.  The  following  sieve  sizes  were  grouped  for  shape  analysis:  3.5, 

5.0  and  7.0,  10.0  and  14.0,  18.0  and  25.0,  35.0  and  45.0,  and  60.0  and  80.0 
and  120.0.  To  determine  the  percentage  of  flat  grains,  100  grains  of  sand 
were  randomly  selected  from  each  group,  and  the  number  of  flat  versus  round 
grains  was  counted  (US  Army  Engineer  Waterways  Experiment  Station  1903) .  A 
flat  particle  was  defined  as  one  with  a  ratio  of  width  to  thickness  greater 
than  three. 

Moisture  and  density  measurenients 

18.  A  341  IB  Troxler  Compac  moisture  density  gage  was  used  to  measure 
density  and  moisture  In  0.028  cu  m  of  sand  below  a  beach  depth  of  15.2  cm 
(read  15.2  to  45.7  cm),  45.7  cm  (read  45.7  to  76.2  cm),  and  76.2  cm  (read  76.2 
to  107.7  cm)  (Figure  6). 

In  situ  biological  data 

19.  Sea  turtle  nests  were  marked  and  monitored  In  each  of  the  three 
study  areas  to  determine  the  effects  of  nourishment  beach  sand  on  the  survival 
of  the  eggs  and  hatchlings  (Figure  7).  All  nests  In  the  two  reference  areas 
were  marked  Immediately  after  the  turtles  had  nested.  Thirty-nine  nests  were 
left  In  situ  In  the  nourished  area,  and  all  other  nests  were  relocated  to  a 
fenced  hatchery  on  Che  beach. 

20.  In  situ  nests  were  excavated  (Figures  8  and  9)  after  an  appropriate 
Incubation  period,  and  the  following  data  were  recorded; 

a.  Location  of  nest  by  transect. 

b.  Distance  of  nest  from  the  wrack  line. 

c.  Distance  of  nest  to  the  base  of  the  dune  or  to  the  start  of 
vegetation. 

d.  Shear  resistance  adjacent  to  nest. 

e.  Nest  depth. 

f .  Incubation  period  (dace  laid  to  the  date  when  hatchlings 
emerged) . 

g.  Total  number  of  eggs  (In  situ  determined  by  adding  the  numbers 
of  empty  shells,  unhatched  eggs,  and  piped  dead  hatchlings  In 
the  shell)  (Figure  10.). 

h.  Number  of  unhatched  eggs. 

1.  Number  of  piped  dead  hatchlings  In  the  eggshell. 

Number  of  dead  hatchlings  (completely  free  'of  the  eggshell)  In 
Che  nest. 
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k.  Number  of  live  hatchlings  In  the  nest. 

21.  False  crawls  (Figure  11}  were  drawn  on  data  sheets,  and  the  follow¬ 
ing  Information  was  recorded  for  them: 

a.  Date. 

b.  Location  by  transect. 

c.  Distance  of  the  apex  of  the  crawl  from  the  wrack  line. 

d.  Distance  of  the  apex  of  the  crawl  from  the  base  of  the  dune  or 
edge  of  the  vegetation. 

These  data  were  also  recorded  for  false  digs  (Figure  12) . 

Hatchery  biological  data 

22.  Three  equal-size  areas  (203.2  by  228.6  cm)  within  a  fenced  hatchery 
were  separated,  and  one  area  was  filled  with  aragonite  sand,  one  with  sand 
from  the  nourished  beach,  and  one  with  natural  beach  sand  (Figure  13). 

Clutches  were  removed  from  the  nourished  beach  and  placed  Into  the  three  sand 
types  sequentially  until  the  areas  were  filled  (26  clutches  per  area).  The 


Figure  7.  An  example  of  a  marked  nest  in  the  renourlshed 

beach 


cavities  Into  which  these  clutches  were  placed  simulated  natural  nest 
cavities;  they  were  45.7  to  50,8  cm  deep  and  were  spaced  approximately  15.2  cm 
apart.  The  clutches  were  marked  with  stakes  and  monitored  until  hatchlings 
emerged  from  the  nest.  The  same  data  as  those  specified  previously  for  in 
situ  nests  were  recorded  for  hatchery  nests.  The  total  number  of  eggs  was 
determined  by  counting  the  eggs  when  they  were  relocated. 

Data  analysis 

23.  Data  were  recorded  on  standard  data  sheets,  entered  into  a  com¬ 
puter,  and  analyzed  using  the  Statistical  Analysis  System  (SAS  Institute 
1985).  The  Student's  t-test,  analysis  of  variance  techniques,  and  Duncan's 
multiple  range  tests  were  used  In  the  data  analysis  to  determine  differences 
In  sampled  parameters  before  and  after  nourishment  and  between  the  project 
area  and  the  reference  areas. 

Results  of  Physical  Data 

24.  The  physical  properties  of  the  beach  were  com.>ared  using  Duncan's 
multiple  range  tests  (P  ^  0.05)  and  One-Way  ANOVA  (P  s  0.05)  between  each  of 
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a.  Loggerhead  turtle  crawl  with  nest,  Delray  Beach, 
Florida 


b.  Loggerhead  turtle  crawl  with  nest,  St.  Lucie, 
Florida  ' 


Figure  8,  Typical  crawls  with  nests  of  loggerhead  turtles 


Figure  10.  Hatching  success  being  determined  for  an  In  situ 
loggerhead  nest  In  Delray  Beach,  Florida 
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Figure  1 1 . 


Figure  13.  Hatchery  with  marked 
nests  In  argonlte  sand  (fore¬ 
ground),  nourished  sand  (middle), 
and  natural  sand  (background) 
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the  following  groups:  (a)  postnourishment  project  area  (postproject), 

(b)  prenourishment  project  area  (preproject) ,  (c)  postnourishment  north  refer¬ 
ence  area  (postnorth) ,  (d)  prenourishment  north  reference  area  (prenorth) , 

(e)  postnourishment  south  reference  area  (postsouth),  and  (f)  prenourishment 
south  reference  area  (presouth).  Data  for  transects,  stations,  and  depths 
were  combined  for  each  group  for  these  comparisons. 

Beach  sand  shear  resistance 

25.  Postnourishment  shear  resistance  was  significantly  higher  in  the 
project  area  than  prenourishment  shear  resistance  in  the  project  area  and  pre¬ 
nourishment  and  postnourishment  shear  resistance  in  both  reference  areas 
(Table  2).  Prenourishment  shear  resistance  was  significantly  higher  in  the 
project  area  than  prenourishment  and  postnourishment  in  both  reference  areas. 
Shear  resistance  was  not  significantly  different  in  the  reference  areas  from 
prenourishment  to  postnourishment;  however,  prenourishment  shear  resistances 
in  the  reference  areas  were  significantly  different  from  each  other. 

Compaction 

26.  The  percentage  of  compaction  was  significantly  higher  postnourish¬ 
ment  in  the  project  area  than  it  had  been  in  the  project  area  prenourishment 
and  in  Che  two  reference  areas  prenourishment  and  postnourishment  (Table  2). 
Dry  density 

27.  Postnourishment  dry  density  for  both  reference  areas  was  higher 
than  the  prenourishment  dry  density  for  the  project  area.  Postnourishment  dry 
density  for  the  south  reference  area  was  significantly  higher  than  postnour- 
IshmenC  dry  density  for  the  project  area  (Table  2). 

Moisture  content 

28.  No  significant  differences  were  found  in  the  percentages  of  mois¬ 
ture  concent  among  the  three  areas  during  prenourishment  or  postnourishment 
(Table  2), 

Grain  size 

29.  The  1.0-mm  (0.0-phi),  0.71-mm  (0.5-phi),  and  0.50-mm  (1.0-phi) 
grain  sizes  for  presouth  sand  had  significantly  higher  percentages  by  weight 
Chan  all  other  groups  (Tables  3  and  A).  The  0.50-mm  (1.0-phi)  grain  size  for 
preproject  sand  was  significantly  lower  in  percentage  by  weight  than  the  post- 
south  and  presouth  sands.  The  0.50-ud  (1.0-phl)  grain  size  for  postproject 
sand  was  significantly  lower  in  percentage  by  weight  than  Che  sand  in  all  Che 
other  groups. 
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Table  2 

Comparison  of  Physical  Properties  of  Sand  for  Project  and  Reference 
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18  Pre-N,  n  »  17  Post-N,  n  =  36  Pre-P,  n  =  36  Post-P,  n  =  18  Pre-S,  n  =  18  Post-; 


Table  3 

Comparison  of  Grain  Sizes  by  Mean  Percentage  by  Weight  Using 


Duncan's  Multiple  Range  Tests  and  One-Way  ANOVA 
(P  ~  0.05),  Delray  Beach,  Florida* 


Phi 

Grain 

Size 

Mean 

Percentage 

by  Weight 

** 

One-Way 

ANOVA  (185  DF) 
F  P 

-2.50 

Post-P 

Pre-S 

Pre-N 

Post-S 

Post-N 

Pre-P 

0.69 

0.43 

0.37 

0.33 

0. 14 

0.06 

1.73 

0. 13 

-2.00 

Pre-S 

0.42 

Post-P 

0.25 

Post-S 

0.16 

Pre-N 

0.15 

Pre-P 

0. 13 

Post-N 

0. 10 

1.10 

0.36 

-1.50 

Post-P 

0.41 

Pre-S 

0.40 

Pre-N 

0.34 

Pre-P 

0. 13 

Post-S 

0.12 

Post-N 

0.12 

1.32 

0.26 

-1.00 

Post-P 

0.55 

Pre-S 

0.45 

Pre-N 

0.41 

Pre-P 

0.21 

Post-S 

0.20 

Post-N 

0.18 

1.37 

0.24 

-0.50 

Post-P 

0.85 

Pre-S 

0.85 

Pre-N 

0.75 

Pre-P 

0.49 

Post-S 

0.36 

Post-N 

0.32 

1.21 

0.30 

0.00 

Pre-S 

2.10 

Post-P 

1.17 

Pre-N 

1.08 

Pre-P 

1.01 

Post-S 

0.85 

Post-N 

0.85 

2.02 

0.08 

0.50 

Pre-S 

4.71 

Post-S 

3.11 

Pre-P 

2.28 

Post-N 

2.24 

Pre-N 

2.17 

Post-P 

2.01 

5.09 

0.0002 

_ (Continued) _ 

*  Numbers  connected  by  underlining  are  not  statistically  different  (P-0.05). 

**  pre  “  predisposal.  Post  -  postdisposal,  N  -  north  reference,  P  -  project, 

S  -  south  reference,  n  «  24  Pre-N,  n  -  23  Post-N,  n  -  48  Pre-P,  n  -  48 
Post-P,  n  -  24  Pre-S,  n-  24  Post-S. 
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Table  3  (Concluded) 


Phi 

Grain 

Size 

Mean 

Percentage  by  Weight 

** 

One-Way 
ANOVA  (185  DF) 
F  P 

1.00 

Pre-S 

Post-S 

Pre-N 

Post-N 

Pre-P 

Post-P 

19.39 

0.0001 

n 

18.55 

14.33 

11.64 

11.63 

10.20 

4.58 

r 

1.50 

Pre-N 

Post-S 

Pre-S 

Post-N 

Pre-P 

Post-P 

39.04 

0.0001 

r 

34.47 

31.76 

31.50 

31.29 

26.37 

9.98 

2.00 

Post-N 

Pre-N 

Post-S 

Pre-P 

Pre-S 

Post-P 

24.42 

0.0001 

\ 

40.47 

38.49 

33.70 

32.74 

27.94 

18.63 

1 

p 

2.50 

Post-P 

Pre-P 

Post-S 

Pre-S 

Post-N 

Pre-N 

21.56 

0.0001 

» 

23.75 

15.40 

12.33 

10.47 

9.73 

8.57 

3.00 

Post-P 

Pre-P 

Post-S 

Pre-S 

Post-N 

Pre-N 

60.14 

0.0001 

29.49 

8.17 

1.49 

1.36 

0.54 

0.52 

3.50 

Post-P 

Pre-P 

Pre-S 

Post-N 

Pre-N 

Post-S 

31.77 

0.0001 

5.60 

1.32 

0.03 

0.02 

0.00 

0.00 

4.00 

Post-P 

Pre-P 

Pre-N 

Pre-S 

Post-N 

Post-S 

17.13 

0.0001 

0.30 

0.06 

0.00 

0.00 

0.00 

0.00 

>4.00 

Post-P 

Pre-N 

Pre-P 

Post-S 

Pre-S 

Post-N 

3.31 

0.007 

2.25 

1.34 

1.31 

1.25 

0.95 

0.84 

30.  The  0.36-mm  (1.5-phl}  grain  size  for  preprojecf  sand  was  signifi¬ 
cantly  lower  in  percentage  by  weight  than  in  presouth.  postsouth,  prenorth, 
and  postnorth  sand.  The  0.36-imii  (1.5-phi)  grain  size  for  postproject  sand  was 
significantly  lower  in  percentage  by  weight  than  preproject,  presouth,  post¬ 
south,  prenorth,  and  postnorth. 

31.  The  0.2S-inm  (2.0-phi)  grain  size  for  postproject  sand  was  signifi¬ 
cantly  lower  in  percentage  by  weight  than  in  all  other  groups.  The  0.25-iiim 
(2.0-phl)  grain  size  for  presouth  sand  was  significantly  lower  in  percentage 
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Pre  “  prenourlshment ,  Post  =  posCnourlshment. 


I  by  weight  than  In  postsouth,  prenorth,  and  postnorth  sands.  The  0.25-inm 

t  (2.0-phi)  grain  size  for  preproject  sand  was  significantly  lower  in  percentage 

by  weight  than  in  postnorth  sand. 

32.  The  O.lS-mm  (2.5-phi),  0.125-iimi  (3.0-phi),  0.090-niiii  (3.5-phi),  and 
<0.062-mm  (>4. 0-phi)  grain  sizes  for  postproject  sand  were  significantly 
higher  in  percentage  by  weight  than  in  sand  of  all  other  groups.  The  O.lS-om 
(2.5-phl)  grain  size  for  preproject  and  postsouth  sands  was  not  significantly 

1^  different;  however,  both  these  sands  were  significantly  higher  in  percentage 

by  weight  than  in  presouth,  prenorth,  and  postnorth  sands.  The  0.125-mm 
(3.0-phl)  grain  size  for  preproject  sand  was  significantly  higher  in  percent¬ 
age  by  weight  than  in  presouth,  postsouth,  prenorth,  and  postnorth  sands. 

33.  The  phi  median  diameter  was  larger  (smaller  diameter,  see  Figure  5) 
for  postproject  sands  (2.23  phi)  than  for  preproject  (1.64  phi),  prenorth 
(1.48  phi),  postnorth  (1.54  phi),  presouth  (1.36  phi),  and  postsouth  sands 
(1.48  phi)  (Table  5). 

34.  The  phi  mean  diameter  was  larger  (smaller  diameter,  see  Figure  5) 

m 

for  postproject  sand  (2.08  phi)  than  for  preproject  (1.69  phi),  prenorth 
(1.44  phi),  presouth  (1.32  phi),  and  postsouth  sands  (1.44  phi)  (Table  5). 

35.  The  phi  sorting  was  larger  (more  poorly  sorted,  well  graded)  for 
postproject  sand  (0.79)  than  for  preproject  (0.66),  prenorth  (0.48),  postnorth 
(0.47),  presouth  (0.63),  and  postsouth  sands  (0.55)  (Table  5). 

36.  The  percentage  of  sand  in  the  six  groups  ranged  from  97.6  to 
99.2  percent  (Table  5). 

Sand  grain  shape  analysis 

37.  Sand  grain  shapes  range  from  1  to  6,  with  shape  1  being  the  coars¬ 
est  and  shape  6  being  the  finest  (US  Army  Engineer  Waterways  Experiment 
Station  1983).  In  the  six  sample  groups,  shapes  1  and  2  were  not 
significantly  different  in  the  percentage  of  flat  grains  (Table  6). 

38.  Shape  3  postproject  sand  had  a  significantly  lower  percentage  of 
flat  grains  than  did  postsouth  reference  sand. 

39.  Shape  4  for  postsouth  and  presouth  sands  were  not  significantly 
different  from  each  other  in  percentage  of  flat  grains;  however,  they  both  had 
a  significantly  higher  percentage  of  flat  grains  than  did  preproject,  post¬ 
project,  prenorth,  and  postnorth  sands. 

40.  Shapes  5  and  6  were  significantly  higher  .^n  percentage  of  flat 
grains  in  postproject  sand  than  in  all  othe^  sample  groups.  Shape  5  presouth 
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Table  5 

Comparison  of  Average  Grain  Size  Distribution  Parameters 
for  Project  and  Reference  Areas  at  Delrav.  Florida 


Textural 

Properties 

Prenorth* 
(n  -  24) 

Postnorth 
(n  -  23) 

Preproj¬ 

ect 

(n  -  48) 

Postproject 
(n  -  48) 

Presouth 
(n  -  24) 

Postsouth 
(n  -  24) 

16  phi 

0.96 

1.01 

1.03 

1.29 

0.69 

0.88 

50  phi 
(Phi  median 
dlam) 

1.48 

1.54 

1.64 

2.23 

1.36 

1.48 

84  phi 

1.92 

1.96 

2.34 

2.86 

1.95 

1.99 

a  phi  (84- 
16  phi)/2 
(Phi  sorting) 

0.48 

0.47 

0.66 

0.79 

0.63 

0.55 

M  phi  (84  + 

16  phi)/2 
(Phi  mean 
dlam) 

1.44 

1.49 

1.69 

2.08 

1.32 

1.44 

Sand ,  % 

99.0 

97.6 

98.5 

98.0 

99.2 

98.7 

*  Pre  “  prenourlshmenC ,  Post  •  postnourishment. 

and  postsouth  sands  were  significantly  higher  In  percentage  of  flat  grains 
than  were  preproject,  prenorth,  and  postnorth  sands.  Shape  3  preproject  sand 
was  significantly  higher  In  percentage  of  flat  grains  than  were  prenorth  and 
postnorth  sands.  Shape  6  postsouth  sand  was  significantly  higher  In  percent¬ 
age  of  flat  grains  than  were  preproject,  presouth,  postnorth,  and  prenorth 
sands . 

Scarp  formation 

41.  A  scarp  formed  In  both  the  nourished  beach  and  the  reference 
beaches  following  renourishment  and  subsequent  winter  storms.  Approximately 
25  percent  of  the  renourlshed  beach  had  a  scarp  that  ranged  from  a  few  centi¬ 
metres  to  1.5  m  in  height  (Figure  14). 


Table  6 

Comparison  of  Mean  Percentage  of  Flat  Grains  for  Reference 
and  Pro.ject  Sands  Using  Duncan’s  Multiple  Range  Tests 
and  One-Way  ANOVA  (P  £  05) i  Delray  Beach,  Florida 


Grain 

Size 

RanRe* 

Mean  Percentage 

by  Number** 

One-Way  ANOVA 
(185  DF) 

F  P 

1 

2 

Post-St 

45.8 

Post-N 

34.0 

Pre-N 

32.4 

Post-P 

32.0 

Pre-S 

21.5 

Pre-P 

15.8 

2.04 

0.94 

0.07 

0.45 

Post-S 

70.8 

Pre-S 

65.5 

Post-P 

63.0 

Pre-P 

56.3 

Post-N 

50.2 

Pre-N 

49.8 

3 

Post-S 

Pre-N 

Post-N 

Pre-S 

Pre-P 

Post-P 

5.13 

0.0002 

95.4 

88.8 

86.4 

85.0 

80.7 

71.3 

4 

Post-S 

Pre-S 

Pre-N 

Post-P 

Pre-P 

Post-N 

12.37 

0.0001 

58.9 

54.9 

44.4 

42.4 

42.2 

37.6 

5 

Post-P 

Post-S 

Pre-S 

Pre-P 

Pre-N 

Post-N 

29.28 

0.0001 

25.2 

21.8 

19.2 

16.2 

13.1 

12.1 

6 

Post-P 

Post-S 

Pre-P 

Pre-S 

Post-N 

Pre-N 

23.04 

0.0001 

16.0 

13.0 

9.3 

9.0 

7.7 

7.4 

*  The 

number  of  flat 

grains  per  100  grains 

were  counted  from  each  i 

following  groups  of 

grain  sizes: 

Size 

Sieve  Sizes 

Range 

Passing 

Retained 

1 

- 

3.5 

(5.60  mm.  -2.50) 

2 

3.5 

7.0 

(2.80  mm,  -1.50) 

3 

7.0 

14.0 

(1.40  mm,  -0.50) 

4 

14.0 

25.0 

(0.71  mm,  0.50) 

5 

25.0 

45.0 

(0.355  mm,  1.50) 

6 

45.0 

120.0 

(0.125  mm,  3.00) 

**  Numbers  connected  1 

by  underlining  are  not 

statistically  different 

(P  - 

0.05). 

* 

t  Pre 

*  predlsposal. 

Post  •  postdisposal. 

N  -  north  reference,  P  • 

S  - 

south  reference 

. 
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Figure  14.  Example  of  scarp  formation 
after  beach  renourishment,  Delray 
Beach,  Florida,  January  1985 

Results  of  Biological  Data 

Hatchery  nests  in  aragonite, 
renourlshed,  and  natural  sand 

42.  The  hatchery  nests  were  incubated  In  aragonite,  renourlshed,  and 
natural  sands.  The  Incubation  period  was  significantly  shorter  In  natural 
(mean,  52. S  days)  than  In  aragonite  sand  (mean,  54.0  days)  (Table  7).  No  sig¬ 
nificant  difference  was  found  In  the  three  sand  types  for  the  total  number  of 
eggs,  number  of  eggs  hatched,  number  of  live  hatchlings,  and  percentage  of 
hatch  (number  ot  eggs  hatched  divided  by  the  total  number  of  eggs  times  100) 
(Table  7).  Clutches  In  the  sand  from  the  renourlshed  beach  had  significantly 
fewer  unhatched  eggs  (swan,  14.0)  than  did  clutches  In  the  natural  sand  (mean. 
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Table  7 

Hatchery  Data  for  Nests  in  Aragonite  (A) ,  Renourlshed  (R) , 
and  Natural  (N)  Sand,  Duncan's  Multiple  Range  test 
and  One-Way  ANOVA  (P  a  0,05,  n  =  26)* 


Hatchery  Data 

Duncan's 
Multiple  Range 

Test 

ANOVA 

Incubation  period 

A 

R 

N 

F 

P 

DF 

54.0 

53.2 

52.5 

3.21 

0.05 

75 

Number  of  eggs 

A 

N 

R 

117.3 

110.1 

108.0 

1.48 

0.23 

76 

Number  of  eggs 

R 

A 

N 

hatched 

92.3 

90.7 

82.5 

0.96 

0.39 

76 

Number  unhatched 

N 

A 

R 

eggs 

26.1 

23.0 

14.0 

2.42 

0.10 

76 

Number  of  piped 

A 

R 

N 

dead  hatchlings 

3.5 

0.8 

0.5 

4.23 

0.02 

76 

Number  of  Dead 

N 

A 

R 

hatchlings 

1.5 

0.4 

0.3 

3.56 

0.03 

76 

Percentage  of  Hatch 

R 

A 

N 

no.  eggs  hatched/no.  eggs 

86.1 

76.8 

75.2 

2.47 

0.09 

76 

Number  of  live 

R 

A 

N 

hatchlings 

92.8 

90.4 

81.0 

1.39 

0.26 

76 

*  Means  connected  by  underlining  are  not  significantly  different. 

26.1)  (Table  7).  Clutches  in  the  aragonite  sand  had  a  greater  number  of  piped 
dead  hatchlings  (mean,  3.5)  than  did  clutches  in  nourishment  sand  (mean,  0.8) 
and  natural  sand  (mean,  0.5).  Clutches  in  natural  sand  had  a  significantly 
larger  number  of  dead  hatchlings  (mean,  1.5)  than  did  clutches  in  aragonite 
sand  (mean,  0.4)  and  nourishment  sand  (mean,  0.3). 

Number  of  nests  and  false  crawls 

43.  In  the  project  area  from  1984  (prenourishment)  to  1985  (postnour¬ 
ishment),  the  number  of  nests  decreased  by  27  percent,  the  number  of  false 
crawls  Increased  by  13  percent,  the  number  of  emergences  decreased  by  4  per¬ 
cent,  the  number  of  nests  per  false  crawl  decreased  by  41  percent,  and  the 
number  of  nests  per  emergence  decreased  by  24  percent  (Table  8). 
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Table  8 

Comparison  of  the  Number  of  Nest8i  False  Crawls,  and  Emergences  for 
Loggerhead  Turtles,  1984  and  1985,  Delray  Beach,  Florida 


Number  per 

1984 

1985 

2,000  ft 

North 

Project 

South 

North 

Project 

South 

False  crawl 
with  dig 

4.7 

3.0 

6.1 

Total  digs 

5.4 

3.7 

8.0 

False  crawl 
without  dig 

43.3 

28.6 

36.2 

Total  false 
crawls 

32.4* 

25.4 

29.4* 

48.0 

31.6 

42.3 

Nests 

40.7* 

31.1 

48.9* 

48.2 

22.7 

55.8 

Total 

emergences 

73.1* 

56.6 

78.3* 

96.0 

54.4 

96.2 

Nests  per 
false  crawl 

1.11 

1.22 

1.47 

1.00 

0.72 

1.32 

Nests  per 
emergence 

0.53 

0.55 

0.59 

0.50 

0.42 

0.58 

Nests  per 
excavation** 

0.89 

0.85 

0.87 

Digs  pec 

excavation** 

0.11 

0.15 

0.13 

*  Data  for  the  north  and  south  reference  areas  were  taken  only  from  15  June 
to  30  September  1984;  therefore,  the  data  were  Interpolated  from  project 
area  data  taken  for  1  May  to  30  September  1984. 

**  An  excavation  Is  any  cavity  dug  by  the  turtle  including  each  nest  and  each 
false  dig  hole. 

44.  A  census  of  nesting  data  in  the  two  reference  areas  was  not  Initi¬ 
ated  until  mid-June  1984;  therefore,  the  number  of  false  crawls,  nests,  and 
emergences  was  interpolated.  Based  on  this  Interpolation,  it  appears  that  In 
the  reference  areas  from  1984  to  1985,  the  number  of  nests  Increased  (18  per¬ 
cent  In  the  north,  14  percent  In  the  south),  the  number  of  false  crawls 
increased  (34  percent  In  the  north,  23  percent  in  the  ssuth) ,  the  number  of 
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emergences  Increased  (31  percent  in  Che  north,  23  percent  in  the  south),  the 
number  of  nests  per  false  crawl  decreased  (10  percent  in  the  north,  10  percent 
in  the  south) ,  and  the  number  of  nests  per  emergence  decreased  (6  percent  in 
the  north,  2  percent  in  the  south). 

Nest  parameters 

45.  Since  prenourishmenC  in  1984,  clutches  laid  in  the  project  area 
were  relocated  and  incubated  in  a  hatchery;  the  number  of  eggs,  number  of  eggs 
hatched,  number  of  eggs  unhatched,  number  of  piped  dead  hatchlings,  number  of 
dead  hatchlings,  number  of  live  hatchlings,  and  incubation  period  in  a  hatch¬ 
ery  were  not  comparable  with  these  same  parameters  for  in  situ  nests.  In  add¬ 
ition,  nests  that  had  been  preyed  upon  by  foxes  or  inundated  by  seawater  were 
excluded  from  the  analysis  because  their  Inclusion  would  bias  the  potential 
differences  resulting  from  nourishment.  Data  from  all  nests  were  used  to 
determine  the  mean  number  of  eggs  per  nest. 

46.  In  the  project,  north,  and  south  areas,  Che  number  of  eggs  per  nest 
was  not  significantly  different  from  each  ocher  in  1984  or  in  1985.  However, 
the  number  of  eggs  per  nest  in  these  areas  in  1985  was  significantly  lower 
Chan  Che  number  of  eggs  per  nest  in  the  north  area  in  1984  (Table  9  and 
Appendix  A) . 

47.  The  number  of  hatched  eggs  and  unhatched  eggs  and  Che  ratio  of 
hatched  eggs  Co  number  of  eggs  (hatch  success)  per  nest  were  not  significantly 
different  between  nests  in  the  north  in  1984,  south  in  1984,  north  in  1985, 
and  south  in  1985  (Table  9  and  Appendix  A). 

48.  The  number  of  hatched  eggs  per  nest  for  Che  project  area  in  1985 
was  not  significantly  different  from  the  two  reference  areas  in  1985.  The 
number  of  hatched  eggs  per  nest  in  the  project  area  in  1985  was  significantly 
lower  than  the  number  of  hatched  eggs  per  nest  in  the  two  reference  areas  in 
1984  (Table  9  and  Appendix  A). 

49.  The  number  of  unhatched  eggs  per  nest  was  not  significantly  differ¬ 
ent  between  nests  in  the  project  in  1985  and  in  the  two  reference  areas  in 
1985.  However,  the  number  of  eggs  hatched  per  nest  was  significantly  higher 
in  the  project  in  1985  than  in  the  two  reference  areas  in  1984  (Table  9). 

50.  The  ratio  of  eggs  hatched  per  nest  to  total  number  of  eggs  per 
nest  (hatch  success)  was  not  significantly  different  between  nests  in  the 
project  area  in  1985  and  nests  in  the  two  reference  areas'  in  1985  and  in  the 
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Table  9 

Comparison  of  Data  for  In  Situ  Loggerhead  Turtle  Nests  1984  and  1985, 
Delray  Beach,  Florida,  Using  Duncan's  Multiple  Range  Test  and  One-Way 

ANOVA  (P  a  0.5) 


_ Duncan's  Multiple  Range  Test* 

Distance  of  nest  to  wrack  line  (ft) 


ANOVA _ 

F  P  DF 


S84  N84  P84  S85  N85  P85 

41.7  37.6  34.8  34.5  30.7  28.5  6.96  0.0001  876 


Distance  of  nest  to  base  of  dune  (ft) 

P85  P84  N85  N84  S84  S85 

113.3  50.8  46.2  35.8  35.5  34.9  139.34  0.0001  870 


Ratio:  distance  of  nest  to  wrack  line  relative  to  beach  width 
S84  N84  S85  P84  N85  P85 

0.56  0.54  0.51  0.44  0.41  0.22  31.26  0.0001  870 


Shear  resistance  adjacent  to  nests  at  the  6-ln.  depth  (Ib/sq  In.) 


P85r 

P85n 

S85 

S84 

P84 

N85 

N84 

274.0 

178.1 

167.1 

96.6 

91.0 

87.0 

60.2 

79.70  0.0001 

602 

Shear 

resistance  adjacent  to 

nests 

at  the 

12-ln.  depth 

(Ib/sq  In.) 

P85r 

P85n  S85  P84 

S84 

N85 

N84 

495,1 

299.2  295.1  241.0 

227.2 

141.6 

126.4 

63.79  0.0001 

602 

_ (Continued) _ 

*  S  ~  south  reference  area,  N  -  north  reference  area.-  P  -  project  area, 
r  -  renourlshed  sand,  and  n  -  reworked,  natural  sand.  Numbers  connected  by 
underlining  are  not  significantly  different. 
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Table  9  (Continued) 


_ ANOVA _ 

_ Duncan's  Multiple  Range  Test* _  F  P  DF 

Shear  resistance  adjacent  to  nests  at  the  18-ln.  depth  (Ib/sq  In.) 


P85r  S85 

P85n  P84 

S84 

N84 

N85 

714.3  465.8 

453.5  394.2 

359.5 

232.5 

213.9 

70.71 

0.0001 

598 

Distance  from 

the  beach  surface  to 

Che  bottom  of  the 

nest  (In.) 

N85 

P84  S85 

P85 

N84 

S84 

20.3 

20.1  19.9 

19.8 

19.6 

19.2 

3.46 

0.033 

505 

Incubation  period  (date  eggs 

laid 

Co  date  hatchlings 

emerge,  days)** 

N85 

N84  S84 

P85 

S85 

54.0 

53.7  53.5 

52.9 

52.6 

3.00 

0.011 

465 

Number  of  eggs 

per  nest 

N84 

S84  P84 

N85 

P85 

S85 

118.4 

116.6  113.5 

110.7 

110.1 

109.1 

2.84 

0.015 

575 

Number 

of  eggs 

hatched  per  nest**  t 

S84 

N84 

N85  S85  P85 

106.1 

105.8 

97.9  95.9  91.9 

7.61 

0.0001 

'489 

Number 

of  eggs 

unhatched  per  nest**t 

P85 

S85 

N85  N84  S84 

17.1 

12.1 

11.2  9.8  9.4 

4.99 

0.0002 

488 

_ (Continued) _ 

*  S  •  south  reference  area,  N  -  north  reference  area,  P  «  project  area, 

r  ~  renourlshed  sand,  and  n  -  reworked,  natural  sand.  Numbers  connected  by 
underlining  are  not  significantly  different. 

**  Project  area  nests  In  1984  were  all  relocated  to  a  hatchery  and  were 
excluded  from  the  analysis. 

t  Nests  that  were  Inundated  with  seawater  or  predated  upon  by  foxes  were 
excluded  from  this  analysis. 
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Table  9  (Concluded) 


_ ANOVA _ 

_ Duncan's  Multiple  Range  Test* _  F  P  DF 

Ratio:  number  of  eggs  hatched  per  nest  to  number  of  eggs  per  nest  (hatch 
success)**  t 


S84 

N84 

N85 

S85 

P85 

0.91 

0.90 

0.89 

0.87 

0.84 

12.57 

0.0001 

488 

Number 

of  piped  dead 

hatchlings  per 

nest**  t 

S85 

N85 

S84 

N84 

P85 

1.7 

0.9 

0.7 

0.6 

0.3 

9.81 

0.0001 

487 

Number 

of  dead  hatchlings 

per  nest**  t 

S84 

P85 

S85 

N84 

N85 

1.5 

1.3 

0.7 

0.5 

0.4 

1.2 

0.31 

487 

Number 

of  live 

hatchlings 

per  nest**  t 

N84 

S84 

N85 

S85 

P85 

106.8 

105.4 

97.5 

95.2 

90.6 

9.31 

0.0001 

487 

Ratio:  number  of  live  hatchlings  to  number  of  eggs  per  nest  (hatchling 
ratio)**  t 

N84  S8A  N85  S85  P85 

0.90  0.90  0.89  0.86  0.83  12.31  0.0001  487 


*  S  -  south  reference  area,  N  -  north  reference  area,  P  -  project  area, 

r  ■■  renourished  sand,  and  n  ~  reworked,  natural  sand.  Numbers  connected  by 
underlining  are  not  significantly  different. 

**  Project  area  nests  in  1984  were  all  relocated  to  a  hatchery  and  were 
excluded  from  the  analysis. 

t  Nests  that  were  Inundated  with  seawater  or  predated  upon  by  foxes  were 
excluded  from  this  analysis. 
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north  in  1984.  The  hatch  success  for  nests  in  the  project  area  in  1985  was 
significantly  lower  than  for  nests  in  the  south  in  1984  (Table  9). 

51.  The  number  of  piped  dead  hatchlings  and  the  number  of  dead  hatch¬ 
lings  in  the  nest  were  not  significantly  different  for  both  years  for  the 
three  areas  (Table  9  and  Appendix  A). 

52.  The  number  of  live  hatchlings  (including  live  hatchlings  found  in 
the  nest)  was  not  significantly  different  for  nests  in  the  three  areas  in 
1985.  The  number  of  hatchlings  per  nest  was  significantly  lower  for  the  proj¬ 
ect  area  in  1985  than  for  nests  in  the  two  reference  areas  in  1984.  The  num¬ 
ber  of  hatchlings  per  nest  in  the  south  reference  area  for  1985  was 
significantly  lower  than  for  nests  in  the  north  reference  area  in  1984.  The 
number  of  hatchlings  per  nest  in  the  north  in  1984,  the  north  in  1985,  and  the 
south  in  1984  was  not  significantly  different  (Table  9). 

53.  The  ratio  of  the  number  of  live  hatchlings  to  the  number  of  eggs 
per  nest  (hatchling  ratio)  was  not  significantly  different  between  the  project 
area  in  1985,  south  in  1984,  south  in  1985,  and  north  in  1985,  but  the 
hatchling  ratio  for  the  project  area  in  1985  was  significantly  lower  than  the 
hatchling  ratio  for  the  north  in  1984  (Table  9  and  Appendix  A) . 

Shear  resistance  adjacent  to  nests 

54.  Since  a  portion  of  the  nourished  beach  had  been  reworked  by  winter 
storms  after  the  nourishment,  the  measurements  in  the  reworked  sand  in  the 
project  were  separated  for  analysis  (Table  9  and  Appendix  A). 

55.  As  in  the  beach  measurements,  shear  resistance  increased  with 
depth.  At  the  6-ln.  (15.2-cm)  depth,  shear  resistances  for  nests  in  the 
project  prenourishment  were  not  significantly  different  from  those  in  the  two 
reference  areas.  Prenourlshraent  shear  resistances  adjacent  to  nests  at  the 
12-  and  18-in.  (30.4  and  45.6-cm)  depths  in  the  project  and  south  reference 
area  were  not  significantly  different  from  each  other;  however,  both  were 
significantly  higher  than  shear  resistances  in  the  north  reference  area  for 
the  two  depths. 

56.  Postnourishment  shear  resistances  at  the  6-,  12-,  and  18-ln.  depths 
adjacent  to  the  nests  in  project  sands  were  significantly  higher  than  in 
reworked  project,  south  reference,  and  north  reference  sands.  Postnourishment 
shear  resistances  at  all  three  depths  adjacent  to  nests  in  the  reworked 
project  and  south  reference  sands  were  not  significantly  different  from  each 
other,  but  both  were  significantly  higher  than  north  control  area  sands. 


37 


Nest  location 


57.  Nests  In  the  nourishment  area  both  prenourishment  and  postnourlsh- 
ment  were  significantly  closer  to  the  wrack  line  than  were  nests  In  the  south 
reference  area,  but  they  were  not  significantly  different  from  nests  in  the 
north  reference  area  (Table  9  and  Appendix  A) . 

58.  Prenourlshment  and  postnourishment  project  area  nests  were  signifi¬ 
cantly  farther  from  the  base  of  the  dune  than  were  nests  In  the  north  and 
south  reference  areas.  Nests  in  the  nourishment  area  were  significantly  far¬ 
ther  from  the  base  of  the  dunes  during  postnourishment  than  during  prenourish¬ 
ment.  Nests  In  the  two  reference  areas  were  not  significantly  different  in 
relation  to  distance  from  the  base  of  the  dunes  during  prenourishment  than 
during  postnourishment. 

Nest  depth 

59.  The  depth  from  the  beach  surface  to  the  bottom  of  the  nest  (nest 
depth)  In  the  north  area  was  significantly  shallower  in  1984  than  In  1985. 
Depths  of  nests  were  significantly  shallower  in  the  south  area  In  1984  than  In 
the  north  area  In  1985  and  in  the  project  area  in  1984  (Table  9  and  Appen¬ 
dix  A). 

False  digs 

60.  The  number  of  emergences  (crawls  onto  the  beach)  with  at  least  one 
false  dig  cavity  (range  one  to  three  cavities  per  emergence)  per  2,000  ft  in 
1985  was  3.0  for  the  project  area,  4.7  for  the  north  reference  area,  and  6.1 
for  the  south  reference  area  (Table  8).  (False  dig  data  were  not  recorded  for 
1984.)  The  number  of  digs  per  excavation  (an  excavation  being  a  nest  or  dig 
cavity)  for  1985  was  0.15  for  the  project  area,  0.11  for  the  north  reference 
area,  and  0.13  for  the  south  reference  area.  The  mean  depth  of  false  digs  was 
not  significantly  different  for  the  project  and  two  reference  areas 

(Table  10). 

61.  The  distances  of  the  dig  cavity  both  to  the  wrack  line  and  to  the 
base  of  the  dune  were  significantly  greater  In  the  nourishment  area  than  in 
the  two  reference  areas.  The  ratio  of  distance  of  dig  cavity  to  the  wrack 
line  to  the  width  of  the  beach  was  not  significantly  different  for  the  refer¬ 
ence  areas  (Table  10) . 

62.  The  shear  resistance  In  false  digs  was . significantly  higher  in  the 
nourishment  area  than  In  the  two  reference  areas.  The  shear  resistance  in 
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Table  10 

Comparison  of  False  Dig  Data  for  Loggerhead  Turtles  in  1985  Delray 


Beach,  Florida,  Using  Duncan's  Multiple  Ranee  Test,  and 
One-Way  ANOVA  (P  >  0.05) 


Duncan's  Multiple  Range  Test* 


ANOVA 


DF 


Depth  of  false  dig  cavity  (In.) 


S85* 

N85 

P85 

13.3 

11.4 

10.4 

1.05 

0.357 

72 

Distance  of 

false  dig  to 

wrack  line  (ft) 

P85 

N85 

S85 

8.14 

0.0007 

74 

64.6 

29.8 

29.3 

Distance  of 

false  dig  to 

the  base  of  the  dune 

(ft) 

P35 

N85 

S85 

11.81 

0.0001 

75 

75.0 

48.3 

32.7 

Ratio:  distance  of  false 

dig  to  wrack  line  to 

beach  width 

S85 

P85 

N85 

0.30 

0.742 

74 

0.48 

0.46 

0.40 

Shear  resistance  in  the 

false  dig  cavity  (lb/ 

sq  in.) 

P85 

S85 

N85 

27.73 

0.0001 

85 

737.1 

479.5 

255.4 

*  S  ■  south  reference 
Numbers  connected  by 

area,  N  -  north  reference  area,  and  P  =  project 
underlining  are  not  significantly  different. 

area. 

false  digs  was  also  significantly  higher  in  the  south  reference  area  than  in 
the  north  reference  area  (Table  10). 


Discussion  of  Physical  Data 

Beach  sand  shear  resistance 

63.  The  nourishment  area  sand  increased  in  shear  resistance  (harder 
consistency)  after  nourishment,  but  sand  in  the  reference  area  did  not  change 
In  shear  resistance  after  nourishment.  This  increase  In  shear  resistance 
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following  nourishment  has  been  documented  also  for  other  beaches  In  Florida. 
Ehrhart  and  Raymond  (1983)  observed  harder  consistency  following  beach  nour¬ 
ishment  at  Melbourne  Beach,  Florida,  although  quantitative  measurements  were 
not  taken.  A  study  by  the  US  Army  Engineer  Waterways  Experiment  Sta¬ 
tion  (WES)  at  St.  Lucie  Inlet,  Florida  (Nelson  and  Mayes  1986)  also  found  a 
higher  shear  resistance  for  sand  after  beach  nourishment.  However,  postnour¬ 
ishment  shear  resistance  at  St.  Lucie  Inlet  (mean,  277.9)  was  much  lower  than 
postnourishment  shear  resistance  for  Che  present  study  (mean,  556.3). 

64.  For  this  study,  the  prenourishment  shear  resistance  (mean,  356.8) 
was  also  significantly  higher  than  for  the  two  reference  areas.  This  finding 
Indicates  that  Che  nourishment  area  has  maintained  a  hard  consistency  (though 
it  has  softened)  since  the  previous  nourishment  in  1978,  a  period  of  6  years. 
Compaction 

65.  The  nourishment  sand  increased  in  compaction  after  nourishment, 
whereas  Che  reference  areas  remained  unchanged.  This  increased  compaction  may 
be  attributable  to  a  shift  Co  a  finer,  more  poorly  sorted  grain  size  and/or  to 
a  more  compacted  sand  fabric  (structure).  The  weight  of  the  sand-water  slurry 
from  Che  hydraulic  pumping  of  Che  beach  may  have  also  contributed  to  the 
increased  compaction. 

Dry  density 

66.  Although  Che  project  area  appears  to  have  a  slightly  lower  mean 
dry  density  than  Che  reference  areas,  the  differences  are  small  (0.8  to 
3.9  percent)  and  are  not  significant. 

Moisture 

67.  The  means  for  the  percentage  of  moisture  ranged  from  7.3  to 

9.3  percent  and  were  not  significantly  different.  Moisture  content  of  sand 
can  affect  hatching  success  in  turtles  (Gutzke  1984).  The  percentage  of  mois¬ 
ture  was  not  affected  by  Che  beach  nourishment.  Also,  this  would  preclude  a 
determination  that  the  differences  in  shear  resistance  and  compaction  between 
nourished  and  reference  beaches  are  attributable  to  the  differences  in  mois¬ 
ture  content  of  the  beaches. 

Grain  size 

68.  Some  of  Che  percentage  by  weight  (approximately  36  percent)  of  the 
beach  sediments  shifted  from  medium  and  medium-fine  grain  sizes  to  fine,  very 
fine,  and  silt  grain  sizes  in  Che  nourishment  area  after  nourishment.  The 
north  reference  area  did  not  change  in  grain  size  from  prenourishment  to 
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postnourishment  sampling;  however,  the  south  reference  area  had  a  small 
(approximately  5  percent)  shift  from  medium  to  medium-fine  grain  size  after 
nourishment.  This  change  In  finer  sand  may  have  resulted  from  littoral  drift 
to  the  south.  This  could  be  observed  by  the  presence  of  gray  nourishment  sand 
south  of  the  nourishment  area  overlaying  the  yellow  natural  sand. 

69.  Sand  In  the  nourishment  area  became  slightly  less  sorted  after 
nourishment  (from  0.66  to  0.79).  The  median  and  mean  sand  diameter  became 
finer,  and  the  mean  percentage  of  sand  decreased  slightly  (approximately 

0.3  percent  decrease)  In  the  nourishment  area  after  nourishment.  Phi  sorting 
and  mean  and  median  sand  diameter  changed  very  slightly  (>0.12)  from  prenour¬ 
ishment  to  postnourishment  In  the  two  reference  areas.  The  change  In  mean  and 
median  grain  size  In  the  nourishment  area  Is  reflective  of  the  shift  In  the 
percentage  of  medium  and  medium-fine  grain  sizes  to  finer  sizes  after 
nourishment . 

Sand  grain  shape 

70.  Although  some  changes  In  the  percentages  of  flat  grains  occurred 
after  disposal,  these  changes  do  not  appear  to  be  of  a  magnitude  that  would 
affect  consistency,  particularly  if  the  change  in  the  percentage  of  flat 
grains  Is  examined  relative  to  the  percentage  by  weight  of  a  grain  size.  The 
percentages  of  flat  grains  may  be  more  Important  when  comparing  the  differ¬ 
ences  between  two  project  areas  rather  than  within  project  changes  (e.g., 

St.  Lucie  data  compared  with  Delray  Beach  data).  While  a  project  area  may  not 
show  an  Increase  In  the  percentage  of  flat  grains,  the  flat  grains  may  be 
reoriented  by  the  hydraulic  pumping  to  create  a  layered  effect  (Figure  15) . 
This  study  did  not  include  structural  measurements  to  examine  the  possibility 
of  layering  (e.g.,  cross-sectioning  of  resined  cores).  However,  evidence  from 
this  study  suggests  that  layering  may  have  occurred.  Visual  observation  of 
scarps  at  Delray  Beach  after  nourishment  showed  flat  grains  (shells)  layering 
parallel  to  the  beach  surface  (Figure  16) .  Additional  evidence  for  layering 
may  be  found  In  a  pilot  study  on  the  use  of  tilling  to  reduce  the  hard  consis¬ 
tency  of  Delray  Beach,  Florida;  this  study  Indicated  that  the  renourlshed  sand 
can  be  softened  by  the  tilling  action  (Nelson  1986).  Tills  softening  of  the 
sand  by  tilling  could  have  resulted  from  the  breaking  up  of  the  sand  layered 
by  the  hydraulic  fill. 
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Figure  15.  An  example  of  the  sand  water 
slurry  being  pumped  onto  a  beach 


Figure  16.  Picture  of  beach  scarp  showing 
sand  particle  layering  parallel  tt  the 
beach  surface 


Scarp  formation 

71.  Scarping  may  occur  as  a  result  of  nourishment  when  there  Is  an 
abrupt  transition  between  steep  fill  slope  and  a  flatter  natural  offshore 
slope.  Steep  scarps  may  develop  at  the  toe  of  the  fill  as  waves  begin  the 
readjustment  Into  a  more  equilibrated  profile  shape  (Coastal  Engineering 
Research  Center  1984).  Scarp  formation  will  vary  with  wave  and  current 
magnitude.  At  Delray  Beach,  scarps  formed  after  renourishment  following 
storms  during  the  winter.  These  scarps  were  reduced  in  elevation,  some  by  the 
spring  turtle-nesting  season.  Most  of  the  remaining  scarp  formation  was 
tapered  with  beach  raking  equipment  by  the  City  of  Delray  Beach.  Scarps  also 
formed  In  the  reference  areas,  particularly  In  the  south,  where  some  scarps  up 
to  3  ft  In  height  were  observed  (Figure  17). 

Compaction  caused  by  equipment  operation 

Ti.  It  Is  difficult  to  separate  the  amount  of  compaction  caused  by  the 
nourishment  process  from  that  caused  by  the  operation  of  heavy  equipment  on 
the* beach.  However,  observation  of  tracks  left  by  equipment  used  on  the  beach 
during  nourishment  (Figure  18)  and  of  the  Impenetrability  of  the  sand  In  these 
tracked  areas  Indicates  that  compaction  by  the  equipment  does  occur.  Compac¬ 
tion  occurs  particularly  with  narrow-tracked  vehicles  and  generally  near  the 
dune  line  where  the  equipment  most  often  operates. 

Discussion  of  Biological  Data 

Hatchery  nests  in  aragenite, 
renourlshed,  and  natural  sand 

73.  Clutches  placed  In  aragonite  sand  had  a  mean  incubation  period  that 
was  1.3  days  longer  chan  those  In  natural  sand.  Observations  of  temperatures 
In  the  three  sand  types  suggest  chat  clutches  In  the  aragonite  had  slightly 

cc  ler  temperatures  than  did  the  other  sand  types.  These  cooler  temperatures, 
which  may  have  been  caused  by  greater  reflectance  of  the  white  aragonite,  may 
have  contributed  to  the  longer  Incubation  periods. 

74.  Clutches  In  aragonite  sand  had  a  higher  mean  number  of  piped  dead 
hatchlings  Chan  did  clutches  In  renourlshed  or  natural  sand  In  the  hatchery. 
The  mean  number  of  piped  dead  hatchlings  In  the  hatchet/  aragonite  sand  was 
also  higher  than  for  In  situ  nests.  The  reason  for  a  higher  number  of  piped 
dead  hatchlings  Is  unclear;  however,  a  fine,  white  aragonite  coating  was 
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Figure  17.  Scarp  formation  in  south  reference  area  Delray 
Beach,  Florida.  A  turtle  crawled  up  to  the  scarp  and  then 
returned  to  the  water;  on  a  following  day,  it  crawled  up 
and  over  the  scarp  and  nested 

observed  on  the  piping  hatchlings.  This  clay-like  coating  clung  to  the  mois¬ 
ture  on  the  hatchlings  and  may  have  interfered  with  their  respiration. 

75.  No  adverse  effect  of  renourlshed  sand  on  eggs  or  hatchlings  was 
observed  in  the  hatchery  nests.  This  agrees  with  the  results  for  in  situ 
nests  in  this  study  and  with  a  nourishment  study  conducted  on  Melbourne  Beach, 

Florida,  by  Ehrhart  and  Raymond  (1983). 

76.  Clutches  in  the  natural  sand  had  a  higher  mean  number  of  hatchlings 
dead  in  the  nest  than  did  clutches  in  the  other  two  sand  types  in  the  hatch¬ 
ery.  The  cause  of  the  higher  number  of  dead  hatchlings  is  unknown;  however, 
the  number  of  dead  hatchlings  was  within  the  range  found  for  in  situ  nests. 

Number  of  nests,  false 
crawls,  and  emergences 

77.  The  number  of  emergences  in  the  project  area  decreased  slightly 
(2.2  percent)  from  1989  to  1985,  whereas  the  number  of  nests  per  emergence 
decreased  substantially  (13.0  percent)  (Table  8).  At  the  same  time,  the  num¬ 
ber  of  emergences  in  Che  reference  areas  appeared  to  increase  substantially 
(in  the  north  23.0  percent,  in  the  south  17,9  percent),  whereas  the  number  of 
nests  per  emergence  decreased  only  slightly  (in  the  north  3.0  percent,  in  the 
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b.  Compacted  roadway  left  by  equipment,  Delray 
Beach,  Florida 


Figure  18.  Example  of  equipment  and  compacr,lon  caused  by 
equipment  operation  on  Delray  Beach  during  renourishment 
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south  1.0  percent).  These  results  indicate  that  the  turtles  were  not  digging 
nests  as  often  In  the  nourished  beach,  even  though  they  were  emerging  onto  the 
beach.  This  might  have  been  due  to  the  turtles'  response  to  physicochemical 
changes  In  the  beach  sand  or  to  a  biotic  effect  such  as  human  disturbance  of 
the  turtle.  Since  the  nourished  beach  Is  a  public  beach.  It  receives  a  great 
deal  more  pedestrian  traffic  than  the  reference  beaches  receive.  Disturbance 
of  turtles  was  probably  higher  on  the  nourished  beach  because  nighttime  activ¬ 
ity  was  observed  to  be  higher.  However,  human  activity  did  not  noticeably 
Increase  enough  from  1984  to  1985  to  account  for  the  decrease  In  nest  per 
emergence. 

78.  It  seems  likely  that  the  turtles  are  responding  to  some  physico¬ 
chemical  change  In  the  beach  resulting  from  the  nourishment.  Beach  hardness, 
temperature,  moisture,  and  elevation  are  some  physical  parameters  to  which 
turtles  may  be  responding.  Salinity  and  pH  are  possible  chemical  cues.  The 
false  dig  results  In  this  study  suggest  that  beach  hardness  may  be  contrib¬ 
uting  to  the  rejection  of  a  nest  site,  but  hardness  does  not  seem  to  con¬ 
tribute  to  the  selection  of  a  nest  site.  The  data  show  no  differences  in 
moisture  content;  thus,  turtles  do  not  have  a  difference  to  detect.  Stone- 
burner  and  Richardson  (1981)  have  suggested  that  temperature  may  be  a  factor 
In  nest  site  selection.  Elevation  may  be  implicated  as  a  factor  In  nest  site 
selection  since  turtles  appeared  to  nest  closer  to  the  wrack  line  In  the  nour¬ 
ishment  area,  which  was  higher  In  elevation  than  were  the  reference  areas. 

Nest  parameters 

79.  Because  of  two  storms  that  Inundated  about  20  percent  of  the  nests 
(Figure  19) ,  predation  on  nests  (Figure  20) ,  and  loss  of  nest  markers  to 
pedestrians,  only  10  out  of  39  nests  marked  in  the  project  area  in  1983  had 
data  that  could  be  used  for  comparison  of  differences  in  nesting  parameters 
between  the  nourished  beach  and  the  two  reference  areas. 

80.  None  of  the  nest  parameters  (number  of  eggs,  number  of  eggs 
hatched,  number  of  eggs  unhatched,  hatch  success,  number  of  piped  dead  hatch¬ 
lings,  number  of  dead  hatchlings,  number  of  live  hatchlings,  and  hatchling 
ratio)  were  significantly  different  for  the  nourished  beach,  north  beach,  and 
south  beach  In  1985  and  for  the  north  beach  and  south  beach  In  1984.  Some  of 
the  nest  parameters  of  the  nourished  beach  In  1985  were  significantly  differ¬ 
ent  from  the  reference  beaches  In  1984;  however,  these  comparisons  are  not 
meaningful  In  determining  beach  nourishment  effects  because  the  "natural" 
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Figure  19.  Example  of  marked  nests  that  had  been 
Inundated  by  water  from  storms  at  Delray  Beach, 
Florida,  In  July  1985  (note  the  wrack  line  or 
debris  relative  to  the  stakes  marking  the  nests) 


Figure  20.  A  fox  preying  upon  hatchlings  from  loggerhead 
nests,  Delray  Beach,  Florida 


annual  variability  in  biological  and  physicochemical  factors  cannot  be  sepa¬ 
rated  from  the  beach  nourishment  effects. 

Shear  resistance  adjacent  to  nests 


81.  The  change  to  a  higher  shear  resistance  (harder  consistency)  at  the 
6-,  12-,  and  18-ln.  (IS. 2-,  30. 4-,  and  4S.6-cm)  depths  for  sand  adjacent  to 
nests  in  the  project  area  than  for  sand  adjacent  to  nests  in  the  reference 
areas  resulted  from  the  nourished  sand  deposited  on  the  nourishment  area  but 
not  on  the  reference  area.  The  higher  shear  resistance  also  shows  that  the 
difference  existed  approximately  7  to  11  months  after  disposal.  These  results 
also  indicate  that  turtles  will  dig  nests  within  a  broad  range  of  shear  resis¬ 
tances  (Table  9).  The  shear  resistance  Increased  with  depth  because  of  the 
pressure  of  the  sand  overburden.  The  weight  of  overlying  sand  affects  the 
pressure  on  sand  grains;  thus.  It  affects  the  shear  resistance. 

82.  The  higher  shear  resistance  for  the  south  reference  area  after 
nourishment  suggests  that  this  area  may  have  been  affected  by  the  nourishment. 
The  apparent  movement  of  the  gray  nourished  sand  southward  Is  Indicated  by  Che 
shift  from  yellow  to  gray  sand.  Also,  the  grain  size  analysis  showed  an 
Increase  of  finer  sand  In  the  south  reference  area  postnourishment  that  did 
not  occur  In  the  north  reference  area.  The  reworked  sand  seaward  of  the  nour¬ 
ished  beach  showed  shear  resistances  that  were  similar  to  those  in  the  south 
reference  area  in  1985,  suggesting  that  this  sand  is  still  influenced  by  the 
nourished  sand,  even  though  it  has  been  reworked  by  waves  and  storms.  (One 
could  hypothesize  that  the  reworked  sand  would  show  the  presence  of  fine  sand 
similar  to  the  south  reference  area.) 

Nest  location 

83.  Even  though  the  width  of  the  beach  was  Increased  an  average  of 
60  ft  from  prenourishment  to  postnourishment,  the  turtles  seemed  to  nest  in 
closer  proximity  to  the  wrack  line  than  to  the  dune  line  In  the  project  area. 
On  the  average,  nests  were  not  spaced  out  over  the  wider  expanse  of  project 
beach  after  nourishment  but  were  clustered  nearer  the  wrack  line  than  to  the 
dunes. 

Nest  depth 

84.  Even  though  shear  resistance  increased  In  the  nourishment  and  south 
areas  from  1984  to  1985,  the  nest  depths  were  not  significantly  different  from 
one  year  to  the  next.  The  nest  depths  ranged  from  15  to  26  In.  (38.1  to 

66.0  cm)  deep  for  the  three  areas  in  1984  and  1985.  The  WES  investigators 


expected  to  find  shallower  nests  in  sands  with  harder  consistency,  but  the 
results  showed  no  significant  difference  for  areas  between  prenourishment  and 
postnourishment  nests.  Ehrhart  and  Raymond  (1983)  reported  that  nest  cavities 
dug  in  hard  sand  were  too  shallow  and/or  narrow,  causing  the  eggs  to  "over¬ 
flow"  the  cavity  and  to  be  broken  by  the  turtle's  flippers.  Fletemeyer 
(1983b)  reported  that  loggerhead  nests  were  shallower  in  renourished  beaches 
than  in  natural  beaches.  In  Che  present  study,  shallow  nests  were  found  in 
both  hard  and  soft  sand;  however,  researchers  did  observe  some  nest  cavities 
in  Che  harder  sand  that  did  not  exhibit  the  typical  flask  shape  but  Instead 
were  tapered  at  the  bottom  and  were  at  angles  to  the  beach  surface  instead  of 
the  general  perpendicular  orientation.  This  suggests  that  the  "overflow"  of 
eggs  may  have  been  a  function  of  cavity  size  rather  chan  of  depth.  The  nest 
depth  and  false  dig  data  suggest  Chat  turtles  dig  to  within  a  narrow  range  of 

nest  depths  and,  if  this  depth  cannot  be  achieved,  Che  turtle  will  abandon  the 

site.  This  digging  action  of  Che  turtle  could  be  an  Innate  characteristic 
related  to  hind  flipper  length  or  reach.  As  reported  by  Ehrhart  and  Raymond 
(1983),  WES  personnel  observed  a  stump-legged  turtle  having  trouble  excavating 
a  nest.  This  turtle  dug  two  cavities  before  nesting  in  a  third  one  in  the 
north  area. 

False  digs 

85.  This  study  also  addressed  the  consistency  or  hardness  of  sand 

rejected  by  nesting  turtles  (as  evidenced  by  false  digs)  and  the  number  of 
sites  rejected  by  the  nesting  turtles.  This  study  did  not  address  whether 
additional  time  and  effort  are  required  for  turtles  to  dig  in  sand  with  a 

harder  consistency.  The  number  of  rejected  nest  sites  can  be  determined  by 

counting  the  number  of  false  digs.  The  sand  consistency  that  is  rejected  can 
be  determined  by  measuring  shear  resistance  in  the  false  digs.  The  additional 
time  required  to  excavate  a  nest  in  sands  of  a  harder  consistency  can  be 
estimated  by  comparing  digging  times  with  shearing  resistance  adjacent  to  the 
nest. 

86.  While  the  number  of  false  digs  in  the  nourishment  area  appears  to 
be  less  than  in  the  two  reference  areas,  the  number  of  digs  is  relative  to 
turtle  activity  on  the  beach  (i.e.,  if  the  amount  of  turtle  activity  on  a 
beach  is  low,  then  the  number  of  digs  will  be  proportionately  low).  To 
account  for  the  dependency  of  false  digs  on  the  overall  nesting  activity,  WES 
investigators  analyzed  the  ratio  of  the  number  of  false  digs  to  the  number  of 
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total  excavations  (false  digs  plus  nest  cavities).  This  ratio  showed  slightly 
more  false  digs  per  excavation  in  the  nourishment  area  than  in  the  two  refer¬ 
ence  areas  (nourishment  area  4  percent  >  north  area  and  2  percent  >  south 
area)  (Table  8) . 

87.  The  mean  depths  of  the  false  digs  were  not  significantly  different 
for  the  three  areas  in  1985  (overall  mean,  29.7  cm)  The  turtles  abandoned  cav¬ 
ities  up  to  a  depth  of  53.3  cm  (range  7.6  to  53.3  cm),  which  is  equal  to  the 
depth  of  the  bottom  of  a  completed  cavity.  A  loggerhead  sea  turtle  will  usu¬ 
ally  dig  a  nest  to  a  depth  of  45.7  to  50.8  cm  (Carr  1952).  (The  overall  mean 
nest  depth  for  the  three  areas  in  this  study  was  50.3  cm.)  This  shows  that  a 
turtle  will  abandon  a  cavity  up  to  nest  depth.  Combined  with  the  results  of 
nest  depth  data  (which  showed  no  significant  differences  in  nest  depths 
between  areas  in  the  same  year),  the  false  dig  depth  and  nest  depth  results 
suggest  that  a  turtle  will  abandon  a  cavity  if  it  cannot  dig  to  a  certain  nest 
depth.  One  possible  explanation  is  that  nest  depth  is  innately  controlled  and 
relative  to  the  length  of  a  turtle's  hind  flippers. 

88.  False  digs  in  the  nourished  area  were  closer  to  the  base  of  the 
dunes  and  farther  from  the  wrack  line  than  were  digs  in  the  two  reference 
areas.  The  ratio  of  distance  to  wrack  line  to  beach  width  was  not  signifi¬ 
cantly  different  for  Che  three  areas. 

89.  Shear  resistance  was  significantly  higher  in  project  area  false 
digs  than  in  reference  area  false  digs.  Shear  resistance  was  significantly 
higher  in  south  false  digs  than  in  north  false  digs.  This  reflects  the  dif¬ 
ference  in  shear  resistance  in  the  three  areas;  however,  the  mean  shear  resis¬ 
tance  in  each  area  for  false  digs  was  higher  than  shear  resistance  adjacent  tn 
nests  in  respective  areas  and  depths.  Since  the  turtles  nest  and  reject  cavi¬ 
ties  over  a  very  wide  range  of  shear  resistances,  it  is  not  readily  apparent 
at  what  shear  resistance  a  turtle  will  reject  a  sice.  In  the  north,  the  beach 
was  the  softest,  ana  turtles  rejected  sites  with  very  low  shear  resistance 
(minimum,  60  cone  index  values).  However,  in  at  least  two  Instances  in  Che 
north  area,  turtles  rejected  sites  Chat  were  impenetrable;  one  in  which  a  tur¬ 
tle  dug  down  into  a  sheet  of  plywood  buried  in  the  sand  and  the  second  in 
which  it  dug  to  bedrock  (two  digs).  In  another  Instance  in  the  south  area,  a 
turtle  dug  to  bedrock  and  Chen  abandoned  the  site. 

90.  Many  places  in  the  project  area  could  not  be  dug  by  hand  and  only 
with  difficulty  with  a  shovel;  yet  a  turtle  would  dig  a  cavity  and  nest. 
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Turtles  can  dig  In  very  hard  substrates  and  will  nest  If  it  is  possible  for 
them  to  reach  nest  depth;  however,  they  will  reject  a  site  with  a  soft  con¬ 
sistency.  One  could  reason  chat  sices  with  a  soft  consistency  were  abandoned 
because  of  disturbance.  Based  on  Che  presence  of  tracks,  a  dog  seemed  to  have 
caused  a  cavity  to  be  abandoned  in  one  instance.  However,  this  false  dig  and 
others  with  a  crawl  pattern  indicating  a  disturbance  were  not  included  in  the 
analysis  (i.e,,  a  very  sharp  turn  or  "v”  pattern  at  the  apex  of  the  crawl  may 
indicate  disturbance)  (Pritchard  et  al.  1983). 

Turtle  response  to  scarps 

91.  Nesting  turtle  response  Co  the  scarp  was  variable.  Sometimes  a 
turtle  would  crawl  up  Co  a  scarp  of  30  to  45  cm,  turn  around,  and  return  Co 
the  water  without  nesting  at  Chat  time  (Figure  21).  Sometimes  the  turtle 
would  crawl  up  and  over  a  scarp  1.2  m  in  height  and  nest  (Figure  17). 

Conclusions 


Physical  data 

92.  The  following  conclusions  can  be  made  regarding  physical  data: 

a.  The  renourlshed  project  beach  had  a  harder  consistency  Chan  did 
the  two  reference  areas  prior  to  renourishment  and  a  harder 
consistency  after  nourishment  than  did  the  two  reference  areas 
and  Che  prenourishment  project  beach. 

b.  The  project  beach  increased  in  compaction  after  nourishment, 
but  the  reference  areas  remained  unchanged. 

c.  Only  slight  differences  were  found  in  dry  densities  between 
areas.  The  areas  did  not  differ  among  themselves  from  prenour¬ 
ishment  Co  postnourishment.  The  project  area  was  generally 
lower  in  density. 

d.  No  differences  in  the  percentages  of  moisture  content  were 
found  between  the  nourishment  beach  and  the  reference  beaches. 

e.  The  sand  in  the  project  area  shifted  in  percentage  of  medium 
and  medium-fine  grain  sizes  prenourishment  to  finer  sizes  after 
nourishment.  The  median  and  mean  sand  diameter  in  the  project 
area  became  finer  after  nourishment. 

£.  Although  some  changes  in  Che  percentages  of  flat  grains 

occurred  after  nourishment,  the  changes  do  not  appear  to  be 
such  Chat  they  would  have  much  effect  on  sand  consistency. 

Grain  orientation  (beach  structure)  may  be  a  more  Important 
factor  Co  sand  consistency  than  percentages  of  flat  grains.  A 
layering  of  sand  grains  appeared  to  have  occurred  in  the 
renourlshed  beach. 
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Figure  21.  A  scarp  in  the  south  reference  area,  Delray 
Beach,  Florida,  which  a  turtle  encountered  (false  crawl) 
and  then  returned  to  the  water 


e.  The  cause  of  the  harder  consistency  of  Delray  Beach  after  nour¬ 
ishment  is  not  clear  but  appears  to  be  a  function  of  a  shift  to 
a  finer  grain  size,  layering  of  the  sand  grains  parallel  to  the 
beach  surface,  the  weight  of  sand-water  slurry  during  pumping, 
compaction  by  equipment  operating  on  the  beach  during  nourish¬ 
ment  ,  and  possibly  the  cohesion  of  sand  particles  by  the  silt- 
clay  fraction.  These  "causes"  will  require  further 
investigation,  including  comparison  with  other  nourished 
beaches. 


Biological  data 

93.  The  following  conclusions  can  be  made  regarding  biological  data: 

a.  Nests  placed  in  aragonite,  nourished  sand,  and  natural  sand  in 
a  hatchery  resulted  in  the  following:  no  effect  of  nourished 
sand  on  eggs  or  hatchlings,  no  effect  of  aragonite  sand  on  eggs 
but  a  higher  number  of  piped  dead  hatchlings,  and  no  effect  of 
natural  sand  on  eggs  but  a  slightly  higher  number  of  dead 
hatchlings  in  the  nest. 

b.  The  number  of  emergences  in  the  project  area  decreased  slightly 

~  (2.2  percent)  from  prenourishment  (1984)  to  postnourishment 

(1985),  but  the  number  of  nests  per  emergence  decreased  more 
substantially  (13.0  percent).  At  the  same  time,  the  number  of 
emergences  in  the  reference  areas  appeared  to  increase,  and  the 
number  of  nests  per  emergence  decreased  only  slightly. 

c.  Because  of  storms,  nest  predation,  and  loss  of  nest  markers, 

~  only  10  out  of  40  nests  left  in  situ  in  the  nourishment  area 
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could  be  used  in  a  cooparlson  of  nest  parameters.  None  of  the 
nest  parameters  (number  of  eggs,  number  of  eggs  hatched,  number 
of  eggs  unhatched,  hatch  success,  number  of  piped  dead  hatch¬ 
lings,  number  of  dead  hatchlings,  number  of  live  hatchlings, 
and  hatchling  ratio)  were  significantly  different  for  the  nour¬ 
ished  and  north  and  south  reference  beaches  in  1985. 

d.  A  higher  shear  resistance  was  found  adjacent  to  nests  in  the 
nourished  area  than  in  the  reference  areas.  Turtle  nests  were 
found  in  sands  with  a  range  of  consistencies  from  very  soft  to 
very  hard  (Impenetrable  with  the  penetrometer  or  by  hand 
digging) . 

e.  The  distance  to  the  bottom  of  the  nest  from  the  beach  surface 
(nest  depth)  had  little  variation  and  was  not  affected  by  the 
harder  consistency  following  nourishment.  However,  differences 
in  the  shape  of  some  nests  in  the  harder  sand  were  observed. 

f .  Nests  in  the  nourished  beach  were  located  relative  to  the  wrack 
line  (mean  high  high  tide)  even  after  the  beach  width  was 
nearly  doubled. 

The  number  of  false  digs  per  2,000  ft  was  lower  in  the  nour¬ 
ished  beach  than  in  the  two  reference  beaches;  however,  the 
number  of  false  digs  per  excavation  (nests  plus  false  digs)  was 
slightly  higher  for  the  nourished  beach.  Shear  resistance  was 
higher  in  false  digs  in  the  nourished  sand  and  in  the  three 
areas  than  shear  resistance  adjacent  to  nests  in  the  respective 
areas. 

h.  Scarping  will  occur  following  nourishment  while  the  beach  read¬ 
justs  to  a  more  natural  beach  profile.  Turtle  response  to  a 
beach  scarp  will  vary  from  being  blocked  by  a  ^0-cm  scarp  to 
scaling  a  scarp  1.2  m  high.  On  public  beaches,  scarp  formation 
is  mediated  by  the  sloping  of  the  scarp  by  beach  cleaning 
equipment. 


Summary  Conclusions 

94.  Delray  Beach  had  a  harder  consistency  from  both  previous  nourish¬ 
ments  and  the  1984  renourlshment.  The  cause  of  the  harder  consistency  is 
unclear;  however,  finer  grain  size,  layering  of  sand  grains,  the  cohesion  of 
silt-clay  particles,  equipment  operation  on  the  beach,  and  the  weight  of  sand- 
water  slurry  from  hydraulic  pumping  are  probable  contributors  to  a  harder  con¬ 
sistency.  The  overall  effects  of  the  nourishment  on  nesting  sea  turtles 
are  as  follows: 

a.  Eggs  and  hatchlings  were  not  affected  negatively  by  the 
nourished  sand. 
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b.  The  nest  depth  and  frequency  of  false  digs  may  be  affected  by 
the  harder  consistency,  but  this  occurrence  was  not  evident  in 
this  study. 

£.  Nest  shape  and  nest-dlgglng  time  may  be  affected  by  sand 
consistency. 

d.  The  number  of  nests  per  emergence  appears  to  have  declined 
following  the  nourishment. 

e.  Aragonite  sand  may  negatively  affect  piping  hatchlings. 

A  scarp  may  block  some  turtles  from  nesting,  but  some  may  scale 
the  scarp,  particularly  If  the  scarp  Is  sloped. 
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Appendix  A;  Paranetera  for  Turtle  Nests,  Delray 
Beech.  Florida,  1984  and  1985 
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903.00 

520.50 

37.90 

FEME 12 

15 

126.40 

74.52 

60.00 

370.00 

19.24 

1896.00 

5552.97 

58.95 

PENE18 

IS 

232.47 

121.45 

100.00 

600.00 

31.36 

3487.00 

14751.27 

52.24 

RATIO 1 

74 

0.54 

0.30 

0.03 

1.50 

0.03 

40.03 

0.09 

55.20 

NESTDEP 

67 

19.57 

L.66 

16.00 

24.00 

0.20 

1311.00 

2.76 

8.49 

INCPER 

43 

53.72 

3.30 

46.00 

64.00 

0.50 

2310.00 

10.87 

6.13 

#EGCS 

76 

118.36 

18.26 

80.00 

160.00 

2.09 

8995.00 

333.24 

15.42 

IHATCHD 

66 

105.80 

22.15 

9.00 

146.00 

2.72 

6983.00 

490.68 

20.93 

lUNHACH 

66 

9.79 

8.72 

0.00 

39.00 

1.07 

646.00 

76.11 

89.13 

PIPDEAD 

65 

0.60 

1.72 

0.00 

11.00 

0.21 

39.00 

2.96 

286.86 

TUROEAD 

65 

0.54 

2.35 

0.00 

18.00 

0.29 

35.00 

5.53 

436.86 

HATCHLNG 

65 

106,75 

18.82 

67.00 

146.00 

2.33 

6939.00 

354.03 

17.62 

RAT 102 

66 

0.90 

0.13 

0.08 

1.00 

0.02 

59.17 

0.02 

14.29 

RATI03 

65 

0.90 

0.03 

0.63 

1.00 

0.01 

58.81 

0.01 

9.11 

North  Reference  Area, 

1985 

DHT 

153 

30.67 

15.01 

0.00 

88.00 

1.30 

4692.00 

256.50 

52.22 

DVEG 

153 

46.16 

21.78 

0.00 

110.00 

1.75 

7064.00 

474.41 

47.17 

PENE6 

166 

86.96 

36.45 

26.67 

210.00 

2.83 

14435.00 

1328.52 

41.91 

PENS 12 

166 

141.63 

69.78 

30.00 

473.33 

5.42 

23512.00 

4869.93 

49.27 

PEHE18 

165 

213.88 

122.24 

46.67 

566.67 

9.52 

35290.00 

14942.18 

57.15 

RATIOl 

153 

0.41 

0.20 

0.00 

1.00 

0.02 

62.36 

0.03 

48.00 

NESTDEP 

40 

20.30 

1.57 

19.00 

24.00 

0.25 

812.00 

2.47 

7.74 

INCPER 

46 

54.0 

1.88 

50.00 

58.00 

0.27 

2593.00 

3.55 

3.49 

fEGCS 

63 

110.75 

17.38 

63.00 

154.00 

2.19 

6977.00 

301.93 

15.69 

IHATCHD 

38 

97.92 

20.33 

49.00 

141.00 

3.30 

3721.00 

413.32 

20.76 

lUKHACH 

38 

11.16 

13.47 

1.00 

56.00 

2.19 

424.00 

181.49 

120.73 

PIPDEAD 

38 

0.89 

3.91 

0.00 

24.00 

0.53 

34.00 

15.29 

436.96 

TURDEAD 

38 

0.42 

1.27 

0.00 

7.00 

0.21 

16.00 

1.60 

300.57 

HATCHLNG 

38 

97.50 

20.29 

49.00 

141.00 

3.29 

3705.00 

411.61 

20.80 

RAT102 

38 

0.189 

0.12 

0.48 

0.99 

0.02 

33.99 

0.01 

13.20 

RATI03 

38 

0.89 

0.12 

0.48 

0.99 

0.02 

33.83 

0.01 

13.13 

Project  Area,  1984 

DHT 

220 

34.77 

21.37 

0.00 

115.00 

1 .44 

7649.00 

456.54 

61.45 

DVEG 

219 

50.79 

32.40 

-50.00 

146.00 

2.19 

11123.00 

1049.73 

63.79 

PENE6 

56 

91.03 

60.13 

23.00 

350.00 

8.04 

5098.00 

3616.00 

66.05 

PEKE12 

56 

240.95 

163.93 

57.00 

999.00 

21.90 

13493.00 

26872.41 

66.03 

PENE18 

56 

394.23 

221.41 

97.00 

999.00 

29.59 

22077.00 

49021.12 

56.16 

RATIOl 

219 

0.44 

0.30 

0.00 

1.77 

0.02 

96.19 

0.09 

67.28 

NESTDEP 

205 

20.08 

1.92 

15.00 

26.00 

0.13 

4113.00 

3.70 

9.57 

fEGGS 

221 

113.47 

20.87 

49.00 

163.00 

1.40 

25077,00 

435.50 

18.39 

(Coficlnued) 


Apptndlx  A  (Continued) 


Variable* 

Maaa 

Scandard 

Davlacloa 

Mlolaua 

Value 

MaxlBua 

Value 

Std  Error 
of  Mean 

Sum 

Variance 

c.v. 

Project  Area*  1985 

DHT 

HO 

28.47 

20.46 

0.00 

144.00 

1.73 

3986.00 

418.43 

71.84 

DVEG 

139 

113.29 

44.34 

0.00 

350.00 

3.76 

15748.00 

1966.41 

39,14 

PEIIE6 

142 

231.43 

118.31 

50.00 

673.00 

9.93 

32862.67 

13997.91 

51.12 

PEKE12 

142 

406.15 

210.76 

40.00 

999.00 

17.66 

57673.00 

44375.32 

51.86 

PEIIE18 

140 

596.97 

248.20 

80.00 

999.00 

20.98 

83568.33 

61601.55 

41.58 

RATIO 1 

139 

0.22 

0.17 

0.00 

1.00 

0.01 

30.03 

0.02 

76.79 

NESTDEP 

56 

19.84 

1.94 

16.00 

25.00 

0.26 

1111.00 

3.77 

9.79 

mCPER 

18 

52.50 

1.62 

50.00 

55.00 

0.38 

945.00 

2.62 

3.08 

#EGCS 

22 

110.09 

20.25 

70.00 

150.00 

4.32 

2422.00 

409.90 

18.39 

IHATCHD 

10 

91.90 

22.17 

57.00 

127.00 

7.01 

919.00 

491.66 

24.12 

PUNHACH 

10 

17.10 

10.63 

2.00 

38.00 

3.36 

171.00 

112.99 

62.16 

PlPDEAD 

10 

0.30 

0.67 

0.00 

2.00 

0.21 

3.00 

0.46 

224.98 

TUROEAO 

10 

1.30 

2.50 

0.00 

6.00 

0.77 

13.00 

6.23 

192.05 

HATCHING 

10 

90.60 

21.93 

57.00 

125.00 

6.93 

906.00 

480.93 

24.20 

RAT102 

10 

0.84 

0.09 

0.70 

0.98 

0.03 

8.42 

0.01 

11.00 

RATI03 

10 

0.83 

0.10 

0.68 

0.98 

0.03 

8.31 

0.01 

11.98 

South  Rafaraaca  Area, 

1984 

DRT 

103 

41.65 

17.65 

5.00 

85.00 

1.73 

4290.00 

311.36 

42.36 

DVEG 

102 

35.55 

22.63 

-10.00 

80.00 

2.24 

3626.00 

512.17 

63.66 

PENEl 

26 

96.62 

53.55 

40.00 

250.00 

10.50 

2512.00 

2867.13 

55.42 

PEHE2 

26 

227.15 

86.86 

50.00 

367.00 

17.03 

5906.00 

7544.13 

38.23 

PEIIE3 

25 

359.48 

150.95 

70.00 

650.00 

30.19 

8987.00 

22785.01 

41.99 

RATIOl 

102 

0.56 

0.27 

0.08 

1.15 

0.03 

56.94 

0.07 

48.80 

NESTDEP 

77 

19.22 

1.62 

16.00 

24.00 

0.18 

1480.00 

2.62 

8.42 

INCPER 

71 

53.54 

3.36 

45.00 

68.00 

0.40 

3801.00 

11.31 

6.28 

#EGGS 

101 

116.56 

17.09 

72.00 

161.00 

1.70 

U773.00 

292.07 

14.66 

IHATCHD 

101 

106.07 

20.08 

24.00 

158.00 

2.00 

10713.00 

403.27 

18.93 

lUNHACH 

100 

9.38 

8.53 

0.00 

43.00 

0.85 

938.00 

72.78 

90.95 

PlPDEAD 

100 

0.70 

1.81 

0.00 

12.00 

0.18 

70.00 

3.28 

258.83 

TURDEAD 

100 

1.48 

6.67 

0.00 

40.00 

0.47 

148.00 

21.78 

315.23 

RATCHUIG 

100 

105.41 

18.38 

68.00 

158.00 

1.84 

10541.00 

337.84 

17.43 

RAT102 

100 

0.91 

0.07 

0.62 

1.00 

0.01 

91.37 

0.01 

8.20 

RAT103 

100 

0.90 

0.08 

0.62 

1.00 

O.Ol 

90.15 

0.01 

8.92 

South  Rafaraaca  Area, 

1985 

DHT 

185 

34.49 

20.02 

0.00 

99.00 

1.47 

6381.00 

400.66 

58.03 

DVEG 

184 

34.89 

23.41 

0.00 

135.00 

1.73 

6419.00 

548.10 

67.10 

PENEl 

198 

167.06 

54.82 

13.33 

353.33 

3.90 

33078.00 

3005.68 

32.81 

PENE2 

198 

295.12 

106.17 

50.00 

600.00 

7.55 

58433.67 

11272.16 

35.97 

PENE3 

198 

465.76 

179.44 

53.33 

999.00 

12.75 

92220.33 

32198.56 

38.52 

RATIOl 

184 

0.51 

0.27 

0.00 

1.00 

0.02 

93.42 

0.07 

53.35 

NESTDEP 

61 

19.85 

1.65 

17.00 

24.00 

0.21 

1211.00 

2.73 

8.32 

INCPER 

73 

52.59 

2.05 

47.00 

58.00 

0.24 

3639.00 

4.19 

3.89 

IEGG8 

93 

109.12 

19.23 

53.00 

157.00 

1.99 

10148.00 

369.65 

17.62 

IHATCHD 

64 

95.88 

20.10 

8.00 

133.00 

2.51 

6136.00 

403.86 

20.96 

lUNHACH 

64 

12.09 

12.59 

1.00 

82.00 

1.57 

774.00 

158.56 

104.12 

PlPDEAD 

64 

1.73 

7.17 

0.00 

44.00 

0.90 

111.00 

51.37 

413.26 

TURDEAD 

64 

0.70 

2.08 

0.00 

14.00 

0.26 

45.00 

4.34 

296.25 

HATCHLNG 

64 

95.17 

20.09 

7.00 

133.00 

2.51 

6091.00 

403.67 

21.11 

RAT102 

64 

0.87 

0.14 

0.07 

0.99 

0.02 

55.41 

0.02 

16.70 

RATX03 

64 

0.86 

0.15 

0.06 

0.99 

0.02 

55.01 

0.02 

17.03 

(Contlnutd) 


Appendix  A:  (Concluded) 


*DHT  •  dlscancft  of  n«8t  to  the  wrack  line  (ft) 

DVEG  •  distance  of  nest  to  the  base  of  the  dune  (ft) 

PENE6  -  shear  resistance  adjacent  to  the  nest  at  the  6'ln.  depth  (Ib/sq  In.) 

PENE12  «  shear  resistance  adjacent  to  the  nest  at  the  12-ln.  depth  (Ib/sq  In.) 

PENE18  «  shear  resistance  adjacent  to  the  nest  at  the  18-ln.  depth  (Ib/sq  In.) 

RATlOl  ■  distance  of  nest  to  wrack  line  relative  to  beach  width 

lEGGS  *  nunber  of  eggs  per  nest 

I'HATCHD  •  nuaber  of  eggs  hatched  per  nest 

PUNHACH  ■  nuaber  of  eggs  untiatchcd  per  nest 

PIPDEAO  »  nuaber  of  piped  dead  hatchlings  per  nest  (still  In  shell) 

TURDEAD  •  nuaber  of  dead  hatchlings  per  nest  (out  of  shell) 

HATCHLNG  •  number  of  live  hatchling  per  nest 

RATI02  •  nuaber  of  eggs  hatched  per  nest  to  nxiaber  of  eggs  per  nest  (hatch  success) 
RATI03  -  nuaber  of  live  hatchlings  to  nuaber  of  eggs  per  nest  (hatchling  ratio) 
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